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Abstract

Greenhouse gas emissions from cars, power plants, and other human sources have caused
anthropogenic climate change and impacts on ecosystems and human well-being. To assist in
the integration of climate change science into resource management in Cabrillo National
Monument, California, this report presents information on climate change trends, historical
impacts, future risks, and carbon in the park. Spatial analyses of historical climate data at

800 meter spatial resolution show that annual average temperature of the area within park
boundaries increased at a statistically significant rate of 1.8 = 0.2°C (3.2 = 0.4°F.) per century
(mean = standard error) from 1895 to 2016. During that period, annual precipitation showed no
statistically significant trends. A scientific literature review shows that field research in the region
has detected historical changes attributed mainly to anthropogenic climate change: sea level
rise of 25 + 2 cm (10 = 1 in.) in San Diego from 1906 to 2018, increase of sea surface
temperature of 0.8 +£ 0.2°C (1.4 £ 0.4°F.) in the California Current of the Pacific Ocean from 1920
to 2016, increase in acidity of 40% (-0.15 pH) in ocean waters off the coast of San Diego since
ca. 1750, reduction of oxygen of 4 + 1% in the northern Pacific Ocean from 1960 to 2010, and a
30 = 17 km northward shift of winter bird ranges across the lower 48 US states, including in the
San Diego area, from 1975 to 2004. Under the highest greenhouse gas emissions scenario of
the Intergovernmental Panel on Climate Change (Representative Concentration Pathway [RCP]
8.5), thirty-three climate models project an increase of annual average temperature of the park
of 3.8 £0.9°C (6.8 + 1.6°F.) from 2000 to 2100. Cutting emissions from human activities
(RCP2.6) to meet the Paris Agreement goal could reduce projected heating by two-thirds.
Approximately half the climate models project increases in precipitation and half project
decreases, although higher temperatures would tend to increase aridity. Published analyses
indicate that continued climate change could increase numerous risks: inundation of intertidal
habitat from sea level rise, coastal erosion from storm surges, damage to intertidal marine life
from hotter temperatures, increased wildfire potential, and increases in invasive plant species.
Vegetation in the park stores 98 tons + 9 tons of carbon in aboveground biomass. As long as the
vegetation remains, it prevents that carbon from contributing to climate change. Motor vehicles
of staff and visitors generate 74% of the 72 tons per year of park carbon emissions, pointing to

ways to help reduce the human cause of climate change.

Page 1



Anthropogenic Climate Change in Cabrillo National Monument Patrick Gonzalez

Introduction

Greenhouse gas emissions from cars, power plants, deforestation, and other human activities
have caused climate change (IPCC 2013, USGCRP 2017). Field research shows that human-
caused climate change is altering ecosystems and affecting the well-being of people by melting
glaciers, raising sea level, aggravating wildfire, increasing tree death, contributing to animal
extinctions, and causing other impacts globally (IPCC 2014), across the United States
(USGCRP 2018), and in United States national parks (Gonzalez 2017).

In response, national parks are developing resource management strategies for conservation
under climate change. To assist in the integration of climate change science into resource
management in Cabrillo National Monument, this report presents published results of spatial
analyses of historical and projected climate trends (Gonzalez et al. 2018) and an assessment of

published scientific research on historical impacts of climate change, future risks, and carbon.

Methods

Historical climate This report presents results of spatial analyses of historical climate trends
(Gonzalez et al. 2018) from previously published climate data layers at a spatial resolution of 800
meters, derived from point weather station measurements using the Parameter-elevation
Relationships on Independent Slopes Model (PRISM; Daly et al. 2008). PRISM uses elevation
and topography to interpolate climate values in the spaces among weather stations. This report
summarizes results by giving trends for the area within park boundaries as a whole and maps of

the spatial patterns of climate trends across the park and surrounding area.

Linear regression of temperature and precipitation time series gives the historical climate trends,
with the statistical probability of significance corrected for temporal autocorrelation. Analyses of
monthly, seasonal, and annual climate were originally run for the periods 1895-2010 and 1950-2010,
the data available at the time of the original research. Additional analyses of annual trends were
later run for the period 1895-2016. The time periods starting in 1895 provide the longest available
weather station-based trends for the area of the park, but the configuration of the US weather station

network stabilized in the 1950s (Vose et al. 2014), so the period starting in 1950 gives a trend based

Page 2



Anthropogenic Climate Change in Cabrillo National Monument Patrick Gonzalez

on a more consistent set of stations.

Projected climate This report presents spatial analyses of future projections of climate (Gonzalez
et al. 2018) that use output of all available general circulation models (GCMs) in the Coupled Model
Intercomparison Project Phase 5 dataset developed for the most recent Intergovernmental Panel on
Climate Change (IPCC) assessment report (IPCC 2013). The coarse-scale GCM output, at spatial
resolutions of up to 200 km, has been downscaled to 800 m spatial resolution using the bias
correction and spatial disaggregation method (Wood et al. 2004) and the PRISM historical climate
time series as a base layer (Daly et al. 2008). Future projected changes are expressed as the

change from the standard 1971-2000 historical baseline.

IPCC has coordinated research groups to project possible future climates under four defined
greenhouse gas emissions scenarios, called representative concentration pathways (RCPs;
Moss et al. 2010). The four emissions scenarios are RCP2.6 (reduced emissions from energy
efficiency and of renewable energy, achieving the goals of the Paris Agreement (UNFCCC
2015)), RCP4.5 (low emissions), RCP6.0 (high emissions, somewhat lower than continued
current practices), and RCP8.5 (highest emissions, no emissions reductions). Climate under
each of the four scenarios was projected by up to 33 GCMs. The four emissions scenarios
determine the overall range of potential futures. Within each scenario, the spread of projections
of the GCMs generates a range of potential futures, characterized here by the average and

standard deviation of the GCM ensemble for each scenario.

Historical impacts and future risks This report also assesses information on historical
impacts of climate change, future vulnerabilities, and carbon. The impacts and vulnerability
information come from a search of the Clarivate Analytics Web of Science, the authoritative
database of scientific literature, for published research that used field data from Cabrillo National
Monument or the surrounding San Diego area or which examined the climate sensitivity of

species, ecosystems, or other resources found in the park.

Carbon Ecosystem carbon data come from a previously published statewide analysis of remote
sensing and field data (Gonzalez et al. 2015). Analyses of Landsat remote sensing and field
measurements of biomass across the state of California produced estimates of the carbon in

aboveground vegetation for the grasslands, woodlands, forests, and other non-agricultural and
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non-urban areas of the state at 30 m spatial resolution (Gonzalez et al. 2015). Monte Carlo
analyses of error in tree measurements, remote sensing, and the carbon fraction of biomass
quantified the uncertainty of carbon stock change estimates. Validation of the carbon stock
estimates by independent stock estimates derived from measurements at field sites found that

the new results were close to field-derived estimates (Gonzalez et al. 2015).

Historical Climate Trends

Temperature Average annual temperature increased at a statistically significant rate of

1.8 +0.2°C (8.2 + 0.4°F.) per century (mean = standard error) from 1895 to 2016 for the area
within park boundaries (Figure 2) (Gonzalez et al. 2018). Seasonally, temperatures from 1895 to
2010 increased at the highest rates in autumn and winter (Table 1). Monthly temperatures
increased at statistically significant rates for all 12 months since 1895 and for five months since
1950 (Table 1).

Spatially, temperature increases were highest north of the park, on Point Loma Peninsula, and
near downtown San Diego (Figure 2). The heat storing capacity of concrete, asphalt, and steel
and other characteristics of a city create an urban heat island, an area of temperatures higher
than surrounding unbuilt areas. The urban heat island of Los Angeles and San Diego increases
night-time temperatures by 3.1°C (5.6°F.) and daytime temperatures by 1.3°C (2.3°F.),

compared to historical pre-urbanized conditions (Vahmani et al. 2016).

Precipitation Historical annual and seasonal precipitation showed no statistically significant
trends for the area within park boundaries (Table 2, Figure 3) (Gonzalez et al. 2018). The trends
for the period 1895-2010 (Table 2) and 1895-2016 (Figure 3) do not agree and neither was
statistically significant. This is due to the high inter-annual variability of rainfall in the San Diego
area and lack of a directional change in annual precipitation (Easterling et al. 2017). Spatially,
annual precipitation showed numerical increases on the Point Loma Peninsula and numerical

decreases inland (Figure 4).

For the southwestern US as a whole, extreme storms have increased in the past half-century,

with the amount of precipitation in 20-year events (a day with more precipitation than any other
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day in 20 years) increasing in all four seasons from 1948 to 2015, a trend attributable in part to

anthropogenic climate change (Easterling et al. 2017).

Drought A severe drought struck most of California, including the San Diego area, from 2012 to
2016, with the lowest 12-month precipitation total combining with the hottest annual average
temperature in the period 2012-2014 (Diffenbaugh et al. 2015). Analyses of the Palmer Drought
Severity Index (PDSI), an indicator of near-surface soil moisture, for the period 1901-2014
indicate that 2014 was the driest year in the record in the San Diego region (Williams et al.
2015). Climate water deficit, the difference between potential and actual evapotranspiration, had
already increased from 25 mm per year to 130 mm per year between the periods 1900-1939 and

1970-2009, indicating that conditions became more arid (Rapacciuolo et al. 2014).

Analyses of PDSI for the period 1896-2014 showed that, while the probability of low precipitation
years has not increased, the hotter temperatures of human-caused climate change have
increased the probability of drought by increasing the probability of high temperature and low
precipitation occurring at the same time (Diffenbaugh et al. 2015). For the State of California as
a whole, the high temperatures of anthropogenic climate change accounted for one-tenth to one-
fifth of the 2012-2014 period of the drought (Williams et al. 2015).

El Niho-Southern Oscillation (ENSO) ENSO is a recurring natural climate pattern across the
tropical Pacific that causes relatively predictable changes in temperature and precipitation during
the warm phases (El Nino) and the cold phases (La Nina), every two to seven years. El Nifio
causes warmer than average ocean water temperatures off San Diego and more winter rain.
Conversely, La Nifia causes cooler than average ocean water temperatures off San Diego and
less winter rain. Historical climate change has not changed the frequency of ENSO (IPCC 20183,
Timmermann et al. 2018, Yeh et al. 2018).

Historical Impacts

Changes detected in the region and attributed to anthropogenic climate change
Published research that includes data from southern California or the Pacific Ocean off the coast

of southern California has detected changes that are statistically significantly different from
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natural variation and has attributed the cause of those changes to anthropogenic climate change

more

than other factors.

Sea level rise At the National Oceanic and Atmospheric Administration (NOAA) tidal
gauge on the USS Midway pier in San Diego, measurements show that sea level
increased 25 £ 2 cm (10 £ 1 in.) (mean = standard error) from 1906 to 2018 (NOAA,
https://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtm|?id=9410170) (Figure 6).
This tidal gauge has contributed to global analyses that have detected a statistically
significant rise in global sea level from 1901 to 2012 (Church and White 2011, Dangendorf
et al. 2017, IPCC 2013). Analyses of potential causal factors attribute this rise to
anthropogenic climate change through runoff from the melting of glaciers and other land

ice and the expansion of ocean water when it warms (IPCC 2013, Slangen et al. 2016).

Ocean warming Measurements from buoys and ships off the California coast and around
the world, combined with remote sensing data, have found that the average sea surface
temperature of the California Current of the Pacific Ocean increased of 0.8 + 0.2°C from
1920 to 2016 (Jacox et al .2018, Rayner et al. 2003) and analyses of casual factors
attributed this to anthropogenic climate change (IPCC 2013). The ocean temperature
gauge at Scripps Pier, approximately 20 km (12 mi.) north of the park, recorded the
highest daily high temperatures since 1916 from August 2 to 10, 2018, and a temperature
record of 27°C (81°F.) on August 6, 2018 (Scripps Institution of Oceanography,
https://scripps.ucsd.edu/programs/shorestations,
http://www.sccoos.org/data/piers/timeline/?main=single&station=scripps_pier).
Anthropogenic climate change has also caused substantial ocean warming to a depth of
2000 m (Levitus et al. 2012, Abraham et al. 2013, IPCC 2013, Ishii et al. 2017, Cheng et
al. 2017, Resplandy et al. 2018, Cheng et al. 2019).

Ocean acidification Increased atmospheric carbon dioxide (CO-) concentrations from
human activities are increasing the acidity of ocean water globally as the CO: dissolves in
water and forms carbonic acid. Analyses of ocean water samples just off the coast of San
Diego show that anthropogenic CO: has increased ocean water acidity 25% to 40% (-0.10
to -0.15 pH) from the preindustrial era (ca. 1750) to the early 2000s (Carter et al. 2017,
Feely et al. 2016, Gruber et al. 2012, IPCC 2013). Ocean upwelling along the Pacific
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Coast can produce acidification episodes within 10 km of the shore of more than a
doubling of acidity (-0.4 pH) at Lompoc in central California (Chan et al. 2017). Globally,
ocean acidification has caused mortality in mollusks, reduced calcification in corals,
coccolithophores (a type of phytoplankton), and mollusks, and reduced growth in mollusks,
echinoderms, and crustaceans (Kroeker et al. 2013). Along the California coast, ocean
acidity has increased more rapidly than the natural rate at which some small planktonic
sea snails (pteropods) can increase their shell calcification, leading to dissolving of their
shells and death (Bednarsek et al. 2014, Busch et al. 2014, Bednar$ek et al. 2017).

Ocean deoxygenation The solubility of oxygen decreases as the temperature of water
increases. As a result, ocean warming has reduced oxygen concentrations in the
California Current by 20% from 1980 to 2012 (Bograd et al. 2015, Ito et al. 2017,
Schmidtko et al. 2017). Dissolved oxygen is essential for the survival of marine mammals

and other marine life.

Bird range shifts Analyses of Audubon Christmas Bird Count data across the US,
including the count in San Diego, detected a northward shift of the winter range of a set of
254 bird species, at a rate of 0.5 + 0.3 km (0.3 £ 0.2 mi.) per year from 1975 to 2004,
attributable more to climate change than other factors (La Sorte and Thompson 2007).
Lesser Scaup (Aythya affinis), one of the species shifting north and a species listed by the
National Park Service (NPS) Inventory and Monitoring Program (NPS 2018) as present in
the park, has shown a statistically significant reduction in the San Diego count since 1975.
Additional analyses found northward shifts across the US from 1975 to 2011 of winter
distributions of five raptor species listed (NPS 2018) as present in the park: American
Kestrel (Falco sparverius), Golden Eagle (Aquila chrysaetos), Northern Harrier (Circus
cyaneus), Prairie Falcon (Falco mexicanus), and Red-tailed Hawk (Buteo jamaicensis)
(Paprocki et al. 2014).

Wildfire increase, western US Wildfire is an essential component of many forest,
shrubland, and grassland ecosystems, facilitating germination of new seedlings, killing
pests, and serving other critical functions. Excessive wildfire, however, can damage
ecological integrity (Hessburg et al. 2016, Stephens et al. 2014) and harm people.

Because Cabrillo National Monument is surrounded by US Navy and US Coast Guard
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bases and is near to residential areas, the park suppresses all fires to protect from

property damage.

Statistical analyses of historical wildfire, climate, and fuels across the western US showed
that anthropogenic climate change doubled wildfire area from 1984 to 2015 (Abatzoglou
and Williams 2016). The hotter temperatures of anthropogenic climate change combined
with statistically significant decreases of summer rainfall from 1979 to 2016 to increase
burned area across the western US (Holden et al. 2018). Multivariate analyses of historical
wildfires across the western US from 1916 to 2003, including wildfires in California
chaparral, indicated that climate was the dominant factor controlling the extent of burned

area, even during periods of active fire suppression (Littell et al. 2009).

Changes consistent with, but not formally attributed to human-caused climate change

Other

research has found changes consistent with human-caused climate change, but either

has not detected changes that are statistically significantly different than historical variability or

has not analyzed potential causal factors to formally attribute the cause of the change.

Marine heat waves From 1982 to 2016, marine heat waves (periods in which sea surface
temperature of a local area was hotter than temperatures in 99% of the time series)
doubled globally (Frélicher et al. 2018), consistent with higher sea surface temperatures
due to climate change. The marine heat wave along the Pacific Coast from 2014 to 2016
was partly due to climate change, but the relative contributions of natural variability and
climate change are unresolved (Jacox et al. 2018). That episode led to mass strandings of
sick or starving birds and sea lions, reduced salmon survival, and increases in harmful

algal blooms (Cavole et al. 2016).

Harmful algal blooms Warmer water temperatures can contribute to formation of harmful
algal blooms (O’Neil et al. 2012). Harmful algal blooms along the US west coast have
increased in the past decade (Gobler et al. 2017, Lewitus et al. 2012). Harmful algal blooms
can produce domoic acid, which can kill people who eat tainted shellfish (McKibben et al.
2017, Moore et al. 2008) and can kill California sea lions (Zalophus californianus) (McCabe
et al. 2016, McKibben et al. 2017, Scholin et al. 2000). Ocean warming off southern

California in 2003 and 2004 caused harmful algae blooms and domoic acid contamination
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in phytoplankton and fish caught off Scripps Pier (Busse et al. 2006).

Intertidal invertebrate changes Resurveys in 2002 of mussel bed communities along
the California coast, first surveyed in the 1960s and 1970s, found significant declines in
species richness, with a 50% loss at Ocean Beach, near the park (Smith et al. 2006). This
is consistent with, but not attributed to, ocean warming. Intertidal pool invertebrates,
including mollusks and snails, in Monterey Bay, California, similar to those found in
Cabirillo National Monument, showed signs of a northern range shift with increasing water

temperatures from 1931 to 1996 (Barry et al. 1995, Sagarin et al. 1999).

Sea star mortality Along the Pacific Coast of North America, sea star wasting disease
has caused extensive mortality of sea stars in the past decade, including the ochre sea
star (Pisaster ochraceus) and the sunflower star (Pycnopodia helianthoides) (Miner et al.
2018, Harvell et al. 2019). The mortality has coincided with higher sea surface
temperatures, with the 2014-2015 causing substantial death of sea stars (Miner et al.
2018, Harvell et al. 2019), although Cabillo National Monument experienced less severe

mortality than Scripps reef and Cardiff reef north of the park (Miner et al. 2018).

Fog reduced On the Point Loma Peninsula, summer fog (marine layer cloudiness) was
present approximately half the day, May to September, 1996 to 2014 (Jennings et al.
2018). Fog cools summer heat and provides moisture for plants and wildlife. Coastal sage
scrub requires the moisture provided by summer fog (Emery et al. 2018). Analyses of
stratus cloud ceiling heights at southern California airports indicates that the number of
summer fog days decreased approximately 20% at San Diego International Airport from
1973 to 2017 (Williams et al. 2018). This is consistent with reductions of fog at airports
along the Pacific Coast of North America from 1950 to 2012 (Schwartz et al. 2014).
Increased night temperatures, partly from the urban heat island of Los Angeles and San

Diego, have contributed to the fog decline in Southern California (Williams et al. 2015).

Wildfire increase, southern California From 1959 to 2009, the area burned by Santa
Ana fires (autumn) and non-Santa Ana fires (summer) increased (Jin et al. 2014).
Temperatures increased significantly during this period, but the relative importance of

climate, urbanization, population growth, and other factors have not been determined.
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Reductions of live fuel moisture and increases of burned area in Southern California were
significantly correlated with reduced fog from 1973 to 2017 (Williams et al. 2018). No
increase of wildfire has occurred in Cabrillo National Monument because federal agencies

have been suppressing fire on Point Loma Peninsula for decades.

Future Climate Projections

Temperature Under the highest emissions scenario (RCP8.5), average annual temperature of
the area within park boundaries would increase 2.1 + 0.5°C (3.8 + 0.9°F.) by 2050 (Table 3) and
3.8 £0.9°C (6.8 = 1.6°F.) by 2100, compared to the 1971-2000 baseline (Table 4) (Gonzalez et
al. 2018, IPCC 2013). Cutting greenhouse gas emissions from human activities (emissions
scenario RCP2.6) could reduce projected heating by two-thirds. GCMs project the highest
temperature increases in autumn (September to November). Projected temperature increases

are similar across the park (Figure 7).

For the San Diego area, models project a doubling of the number of days with a maximum
temperature greater than 35°C (95°F.) to 40 to 60 days per year under a high emissions scenario
(SRES A2, IPCC 2007) (Kunkel et al. 2013). For Point Loma Peninsula, models project an
increase in the hottest day of the year of 5°C (10°F.) to as high as 43°C (110°F.) under RCP8.5
(Kalansky et al. 2018).

Precipitation For the area within park boundaries, approximately half of the GCMs project
increases and half project decreases (Figure 6). This lack of agreement exists for monthly,
seasonal, and annual projections for 2050 (Table 5) and 2100 (Table 6). While the net ensemble
average is positive, the projected change is not statistically significant. Even if precipitation
increases, increasing temperatures would tend to increase aridity through an increase in
evapotranspiration, with a projected increase in climate water deficit for the Point Loma
Peninsula of up to 10% by 2069 under RCP8.5 (Kalansky et al. 2018). Summer fog (marine
layer cloudiness) is currently controlled by processes that computer modeling cannot accurately
estimate, so no future projections are available (Clemesha et al. 2016). Spatially, projected

precipitation changes are similar across the park (Figure 8).
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For the San Diego area, models project increases in precipitation extremes (Polade et al. 2014,
2017, Jennings et al. 2018, Kalansky et al. 2018). Under the highest emissions scenario, models
project the frequency of dry years that currently occur once every 20 years could increase to
once every 10 years and precipitation on the wettest day of the year could increase 20% to 30%
(Jennings et al. 2018).

For the southwestern US as a whole, models project an increase in five-year storms (a two-day
period with more precipitation than any other two-day period in five years) to once every three
years (low emissions scenario, RCP4.5) or every two years (highest emissions scenario,
RCP8.5) (Easterling et al. 2017). Models project a 20% increase in the amount of precipitation in
20-year storms (a storm with more precipitation than any other storm in 20 years) under the
highest emissions scenario (RCP8.5), although a projected increase in downpours does not

necessarily increase projected total annual precipitation (Easterling et al. 2017).

Atmospheric rivers, narrow bands of highly concentrated storms in that move from the Pacific
Ocean into California (Wehner et al. 2017, Warner et al. 2015), are projected to increase in
frequency and intensity (Kossin et al. 2017, Hagos et al. 2016, Jeon et al. 2015, Lavers et al.
2015). The number of days per year with precipitation may decrease, however, leading to

intense wet periods alternating with more intense droughts (Polade et al. 2014, 2017).

Drought Hotter temperatures caused by anthropogenic emissions of greenhouse gases have
increased the probability of drought in California by increasing the probability of high
temperature and low precipitation occurring at the same time (Diffenbaugh et al. 2015). For the
State of California as a whole, under the highest emissions scenario (RCP8.5), climate change
increases the probability of a drought as severe as the 2012-2016 drought to ~100% by 2030
(Diffenbaugh et al. 2015).

For the southwestern US as a whole, under the highest emissions scenario (RCP8.5), the
severity of drought by 2100 AD could increase to a level more severe than any since 1000 AD
(Cook et al. 2015). Anthropogenic climate change sharply increases the risk of a megadrought,
a persistent dry period lasting 10 years or more, with the probability of a megadrought in the San
Diego region increasing to 70% to 90% under a temperature increase of 4°C (Ault et al. 2016).

Models project five to ten more dry days per year in southern California (Polade et al. 2014).
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For southern California, models project a decrease in the number of days of the hot Santa Ana
winds of autumn and winter (Hughes et al. 2011, Pierce et al. 2018), as much as one-fifth fewer
under medium emissions (SRES A1B, IPCC 2007) by 2050 (Hughes et al. 2011).

El Nifo Southern Oscillation The confidence in any specific projected change in ENSO is low
(IPCC 2013, USGCRP 2017). Climate models do not agree on projected changes in the intensity
or spatial pattern of ENSO (IPCC 2013, USGCRP 2017, Yeh et al. 2018).

Future Risks

Without greenhouse gas emissions reductions from human activities, continued climate change
could increase risks of ecosystems and physical resources to substantial changes (IPCC 2013).
Published analyses of projected climate change in southern California or on resources found in

Cabrillo National Monument has identified numerous risks.

Coastal and Marine Systems

Sea level rise and storm surge Continued climate change under the highest emissions
scenario (RCP 8.5) would increase sea level at La Jolla, north of the park, 1.4 m (55 in.) by 2100
(range 0.8 m to 2.4 m [30 in. to 94 in.], 95% probability) (Pierce et al. 2018). A scenario of low
emissions (RCP4.5) could limit the increase in sea level to 0.8 cm (30 in.) by 2100 (range 0.4 m
to 1.4 m [14 in. to 56 in.], 95% probability) (Pierce et al. 2018). Over and above projected sea
level rise, daily high tides and storm surge would increase the potential total sea level rise during
storms (Figure 9). The daily tidal range is approximately 2 m (672 ft.) (NOAA,
https://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtml?id=9410170)). The storm
surge on the San Diego coast from a 100-year storm is approximately 15 cm (6 in.), due to the
shallow angle of the coast relative to oncoming storm waves (Bromirski et al. 2017). The
combination of past and projected sea level rise, daily tidal range, and storm surge could raise
sea level 3 mto 3.5 m (9 ft. to 11 ft.) above 1983-2001 mean sea level by 2100 (Figure 9)
(Serafin et al. 2017).
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The major future risks of the coast to sea level rise include inundation of land, inundation of
intertidal habitat, and erosion of coastal cliffs. Continued climate change under the highest
emissions scenario (RCP8.5) could inundate intertidal and other low-lying areas (Caffrey et al.
2018) (Figures 10, 11).

Spatial analyses of Light Detection and Ranging (Lidar) data from 1998 to 2009 along the cliffs
of San Diego County found that the cliffs along the Point Loma Peninsula retreated ~1 m at the
cliff top and approximately a half meter at the cliff face (Young 2018). Sea level rise was just one
factor contributing to this cliff erosion. Modeling of cliff retreat along the coast at Camp
Pendleton, north of the park, estimated that a sea level rise of 1.5 m could cause 9 mto 79 m
(range 2 m to 163 m) of cliff erosion by 2100 (Young et al. 2014).

Ocean warming Continued climate change could warm California Current waters 2 to 4°C (3.6
to 7.2°F.) above the 1980-2005 average by 2100 (Alexander et al. 2018). This could contribute
to more harmful algal blooms (Gobler et al. 2017, McKibben et al. 2017). Under the highest
emissions scenario (RCP8.5), the probability of a marine heat wave off the southern California
coast could increase from once every 35 years to once every other year (Frélicher et al. 2018).
The marine heat wave along the Pacific Coast in 2014-2016 demonstrated the mortality risk to
birds, sea lions, and salmon of warmer ocean waters and changes to the food web (Cavole et al.
2016). In addition, under a high emissions scenario (SRES A2, IPCC 2007), 28 fish species
could shift northward more than 300 km (190 mi.) by 2050 due to higher sea surface
temperatures (Cheung et al. 2015).

Ocean acidification Ocean acidification dissolves the shells of many marine species and,
under high emissions, could deplete near-shore waters of calcium carbonate for almost all of the
year (Gruber et al. 2012), increasing the vulnerability of many marine species to death. Acidity
reduces the water concentrations of calcium carbonate that many marine species, including
pteropods, shellfish, and corals, require for building shells for survival. Under a high emissions
scenario (SRES A2, IPCC 2007), acidity of California coastal waters could increase 40% (-0.15
pH) above 1995 levels by 2050 (Gruber et al. 2012). Under the highest emissions scenario
(RCP8.5), acidity of California Current waters could increase 60% (-0.2 pH) above the 2013 level
by 2063 (Marshall et al. 2017). In 2016, Cabrillo National Monument began monitoring ocean

acidity, which is providing data on continued acidification in park waters.
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Ocean deoxygenation Climate change may reduce ocean oxygen in Pacific Ocean waters to
levels lower than any naturally occurring levels as early as 2030 (Long et al. 2016) or 2050
(Henson et al. 2017). Reduced oxygen could decrease rockfish habitat off southern California by
20 to 50% (McClatchie et al. 2010). Further deoxygenation may also shrink open-water habitat
for hake (Merluccius productus) and other species (Koslow et al. 2017). The reduction of
zooplankton with ocean deoxygenation in the Pacific suggests changes in the food webs that

could affect marine mammals (Wishner et al. 2018).

Intertidal habitat and species At Cabrillo National Monument, sea level rise could inundate
more of the coastal zone, reducing the extent of intertidal habitat. Ocean warming can also
reduce intertidal habitat area when suitable temperatures shift upslope. Research in the
intertidal zone on Vancouver Island, Canada, found that 0.4 to 0.6°C (0.7 to 1.1°F.) warming of
surface waters from 1958 to 2010 reduced the vertical extent of mussel beds by half and

contracted predator-free space on rocky shores (Harley 2011).

Warm water temperatures exacerbate the spread of withering syndrome in black abalone
(Haliotis cracherodii), which has experienced extirpations of across southern California (Neuman
et al. 2010, Ben-Horin et al. 2013). Warm water temperatures also increase the onset of
withering syndrome in red abalone (Haliotis rufescens) in southern California, halting its growth
and reproduction (Vilchis et al. 2005). Reproduction in red abalone declines with increasing

water temperatures (Rogers-Bennett et al. 2010) and with acidification (Boch et al. 2017).

Off-site rearing of the intertidal aquatic crustacean Tigriopus californicus taken from the park
(Kelly et al. 2012), Ocean Beach, north of the park (Harada et al. 2019), and other sites along
the Pacific Coast found that southern populations exhibit more tolerance to warmer water than
northern populations, but that the species does not adapt evolutionarily to temperature increases

over time (Kelly et al. 2012).

Ocean warming can also shift the ranges of intertidal species towards the North and South
Poles (Helmuth et al. 2006). Ocean acidification increases the vulnerability of corals,
coccolithophores (a type of phytoplankton), mollusks, echinoderms, and crustaceans to mortality
and reduced calcification and growth (Kroeker et al. 2013). Continued acidification in the

California Current could increase mortality of epibenthic invertebrates (crabs, shrimps, benthic
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grazers, benthic detritivores, bivalves) (Marshall et al. 2017).

Marine mammals Gray whales (Eschrichtius robustus) and humpback whales (Megaptera
novaeangliae), which migrate along the coast off the park, may spend more time in Arctic waters
due to longer and earlier ice-free conditions, delaying their southern migration and changing the
duration of their passage through California waters (Moore et al. 2007, Moore and Huntington
2008). One indicator of this has been an increase in gray whale reproduction in the Arctic due to
an increase in the ice-free season in the period 1980-2009 (Salvadeo et al. 2015). In addition,

marine heat waves can cause increased mortality of sea lions (Cavole et al. 2016).

Terrestrial Ecosystems

Wildfire The hotter temperatures of anthropogenic climate change and increased aridity of
vegetation would increase potential fire frequency and burned area across much of California
(Mann et al. 2016, Moritz et al. 2012, Westerling et al. 2011). Across southern California,
increased temperatures and decreased relative humidity could increase probabilities of Santa
Ana fires (autumn) and non-Santa Ana fires (summer) (Jin et al. 2014). Analysis of southern
California fire records and climate data for the period 1910-2013 indicates that summer and
autumn climate conditions are often sufficient for large fires, so that the coincidence of Santa
Ana winds and human ignitions would determine fire occurrence under climate change (Keeley
and Syphard 2017).

Under high emissions (scenario A2 of IPCC (2007), higher than RCP6.0 of IPCC (2013)), human-
caused climate change may increase potential fire frequency around San Diego by approximately
50% by 2050 (Mann et al. 2016). Point Loma Peninsula, however, is isolated by water bodies and
urban areas from the extensive wildlands to the east of San Diego where wildfires generally
occur. So, any future wildfire increase in those wildlands would not be able to reach the park. All
land managers of the Point Loma Ecological Conservation Area (City of San Diego, National Park
Service, US Coast Guard, US Navy) currently suppress any fires that ignite on the peninsula. The
fire dependence of chaparral vegetation, the long period of fire suppression in the park, and
increased potential wildfire risk under continued climate change suggest a need to explore
options for vegetation or fire management that would protect lives and infrastructure, maintain

ecological integrity, and prevent post-disturbance spread of invasive species.
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Vegetation change The high severity and low frequency fire regime of chaparral naturally
causes stand replacement fires from which shrubs will resprout from root crowns. Increases of
fire frequency due to anthropogenic climate change can reduce natural regeneration and
increase invasive alien grasses, leading to more fire and conversion of chaparral to coastal sage
scrub or grassland (Keeley and Brennan 2012, Lippitt et al. 2013, Rachels et al. 2016). After the
Cedar Fire east of San Diego in 2003, woolyleaf ceanothus (Ceanothus tomentosus) and
chamise (Adenostoma fasciculatum), both native shrubs, declined in many locations and foxtail

chess (Bromus madritensis), an invasive alien grass, increased (Keeley and Brennan 2012).

With continued strict fire suppression on the Point Loma Peninsula, however, the park may not
experience such vegetation changes, but perhaps experience increases in the maturity of
chaparral stands and in the extent of chaparral, at the expense of coastal sage scrub. For the
entire range of white coast ceanothus, fire suppression could cause some biomass
accumulation (Uyeda et al. 2016). Post-fire biomass in chaparral in San Diego showed
substantial increases from seven to 28 years, then modest increases from 28 to 68 years
(Uyeda et al. 2016).

Fog is important to the growth of manzanita (Arctostaphylos spp.) (Vasey et al. 2012) and Torrey
pine (Pinus torreyana) (Williams et al. 2008), providing essential moisture in the summer. So,

any reduction of fog could affect those species in the park.

Field research in Santa Barbara County indicates that coastal sage scrub also requires summer
fog (Emery et al. 2018), so any continued decrease in fog could reduce coastal sage scrub.
While urban development, climate change, and increased wildfire may substantially reduce
coastal sage scrub habitat in much of the San Diego area, the park could serve as a refugium

for coastal sage scrub plant species (Lawson et al. 2010, Riordan et al. 2014).

Invasive plant increase Climate change can favor invasive alien plants in temperate zones,

including in the park, for three main reasons:

Carbon dioxide (CO2) enrichment Invasive alien plants generally exploit atmospheric
CO: more efficiently than native species, giving them higher growth rates (Davidson et al.

2011, Liu et al. 2017). Carbon enrichment experiments on one invasive alien annual found
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in the park, foxtail chess (Bromus madritensis), indicated that a doubling of atmospheric
CO:- (equivalent to the high emissions scenario, RCP6.0) could lead to a 20% increase in

seeds (Huxman et al. 1999).

Warmth and moisture Increasing warmth and moisture due to climate change can
increase the suitability of temperate zone ecosystems to plants from tropical zones
(Hellmann et al. 2008, Theoharides and Dukes 2007). Exotic grass species are generally
annual, taller, with larger leaves, and larger seeds than native species. Across California,
these traits are associated with higher temperature, so exotic grass species are more

dominant in warmer areas of the state (Sandel and Dangremond 2012).

A rainfall manipulation experiment at the University of California, Irvine, indicates that
coastal sage shrub species, found in the park, can outcompete invasive grasses under
lower rainfall, but that invasive grasses are more competitive under higher rainfall
(Goldstein and Suding 2014). In addition, under high emissions (SRES A2, IPCC 2007),
species distribution modeling indicates that the region would continue to provide suitable
habitat for the invasive yellow starthistle (Centaurea solstitialis) (Bradley et al. 2009),

which is not currently in the park but adjacent to it.

Disturbance Invasive alien plants often proliferate in sites disturbed by physical
vegetation removal or by wildfire (Hellmann et al. 2008, Theoharides and Dukes 2007). As
described in the sections above on wildfire and vegetation change, invasive plant species
can proliferate after a fire in southern California chaparral or coastal scrub (Keeley et al.
2005, Lippitt et al. 2013). Strict fire suppression on the Point Loma Peninsula, therefore,
would tend to control invasive plant species. Field research in southern California indicates
that, in chaparral or coastal scrub, high woody plant cover is the most important element
controlling invasive alien plant invasion and persistence (Keeley et al. 2005).
Anthropogenic climate change causes two disturbances, biome shifts (Gonzalez et al.
2010) and increased wildfire (Abatzoglou and Williams 2016, Littell et al. 2009), which,
combined with proximity to ports, roads, and suburban landscaping, lead to a high risk of

invasive species in the San Diego area (Early et al. 2016).

Rare plant species An assessment of life history attributes and species distribution models of
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156 rare plant species in California identified 42 species as extremely or highly vulnerable to a
reduction in population due to climate change (Anacker et al. 2013), but none of those are listed

by the National Park Service (NPS 2018) as present in the park.

For Orcutt’s spineflower (Chorizanthe orcuttiana), listed as endangered under the US and
California Endangered Species Acts and present in the park, the only report with detailed
information on the species (Bauder 2000) does not provide enough information to characterize
its climate sensitivity, although the presence of all extant plants close to the Pacific Coast

suggests that it needs cooler temperatures and more fog than would be found in inland sites.

White coast ceanothus (Ceanothus verrucosus) is a rare chaparral shrub, found only in southern
California, including in the park, and Baja California. It requires fire for most of its germination
and recruitment. Increased heat under a high emissions scenario (SRES A2, IPCC 2007) could
reduce abundance of white coast ceanothus by half (Lawson et al. 2010). Abundance of white

coast ceanothus begins to decline slightly after fire exclusion of 50 years (Lawson et al. 2010).

Birds The California gnatcatcher (Polioptila californica), listed as threatened under the US
Endangered Species Act and present in the park, is mainly threatened by loss of coastal sage
scrub habitat to suburban development. Research in Riverside County found that colder winter
temperatures keep the species at lower elevations, where the bird favors warmer and drier
conditions (Hulton VanTassel et al. 2017). No specific analyses, however, of maximum suitable

temperature and aridity were conducted.

Research on four coastal sage scrub bird species present in the park — California towhee (Pipilo
crissalis), rufous-crowned sparrow (Aimophila ruficeps), spotted towhee (Pipilo maculatus),
wrentit (Chamaea fasciata) — in Mission Trails Regional Park and San Diego National Wildlife
Refuge found lower reproductive success in the low rainfall year 2002 (Bolger et al. 2005). This
may have been due to a decrease in insects that provide food for the birds. Research in
northern San Diego County found that wrentits delayed egg laying in 2002 (Preston and
Rotenberry 2006).

Climate change could continue to shift the ranges of bird species northward across the US

(Langham et al. 2015). Modeling of suitable climate for bird species in 2050 indicates that, under
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the highest emissions scenario (RCP8.5), the park and a 10 km wide area around the park may
gain suitable climate for 39 bird species not currently present in winter and 16 species not
currently present in summer but lose suitable climate for eight species in winter and 12 species
in summer (Wu et al. 2018). Potential colonizers include the black vulture (Coragyps atratus)
and the Muscovy duck (Cairina moschata). Species vulnerable to extirpation include the

American goldfinch (Spinus tristis) and Swainson’s thrush (Catharus ustulatus) (Wu et al. 2018).

Amphibians, Reptiles, Mammals An assessment of 358 amphibian, reptile, bird, and mammal
species in California listed as species of concern, threatened, or endangered (California
Department of Fish and Wildlife 2016) identified species vulnerable to drought, a possible
climate condition in the park. The assessment identified one amphibian species, Pacific slender
salamander (Batrachoseps major), identified by the NPS Inventory and Monitoring Program
(NPS 2018) as present in the park, as highly vulnerable to drought. None of the highly
vulnerable mammal and reptile species are present in the park. Research in Joshua Tree
National Park indicated that the western fence lizard (Sceloporus occidentalis), identified as
present in Cabrillo National Monument (NPS 2018), is sensitive to increasing temperatures
under climate change (Barrows and Fisher 2014). Research in Organ Pipe Cactus National
Monument on side-blotched lizard (Uta stansburiana), present in Cabrillo National Monument
(NPS 2018), found a substantial population increase from 1989 to 2013 despite an increase in
temperature and decrease in rainfall, perhaps due to a reduction in predation (Flesch et al.
2017).

Western monarch butterflies The western population of monarch butterflies (Danaus
plexippus) breeds in the summer in northern California and the Sierra Nevada and migrates to
southern California, including San Diego County, for the winter. Western monarch abundance
has declined in breeding areas from 1972 to 2014 and in overwintering areas from 1997 to 2014
(Espeset et al. 2016). Analyses of climate data indicate that climate is not the primary cause of

the decline, but habitat loss and pesticide use could be possible causes (Espeset et al. 2016).

Surface ozone pollution The formation of ground-level ozone, a pollutant hazardous to people,
increases as temperature increases. Under low emissions (RCP4.5), the number of episodes in
the region of the park with ground-level ozone >75 parts per billion could increase up to 12 days
by 2050 (Shen et al. 2016).
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Carbon

Growing vegetation naturally removes carbon from the atmosphere, reducing the magnitude of
climate change. Conversely, tree mortality, from deforestation, wildfire, drought, and other
causes, emits carbon to the atmosphere, exacerbating climate change. The balance between
carbon emissions from vegetation to the atmosphere and removals from the atmosphere into

vegetation determines the role of ecosystems in climate change (IPCC 2013).

Analyses of Landsat remote sensing at 30 m spatial resolution, field measurements of biomass,
and Monte Carlo analyses of error in tree measurements, remote sensing, and the carbon
fraction of biomass determined this balance across the state of California (Gonzalez et al. 2015).
In 2010, aboveground live vegetation in Cabrillo National Monument contained 98 + 9 tons of
carbon (mean + 95% confidence interval) (Gonzalez et al. 2015). The highest carbon density in
the park occurs in the few patches of coastal sage scrub oak (Quercus dumosa) in the park.
From 2001 to 2010, the carbon stock in the aboveground vegetation of the park showed no

statistically significant change (Gonzalez et al. 2015).

As part of the NPS Climate Friendly Parks program, Cabrillo National Monument has conducted
an inventory of greenhouse gas emissions from fossil fuel use in energy, transportation, and
waste generation by park operations and visitors (NPS 2010). The analysis estimated total
emissions in 2008 of 72 million tons carbon, of which 74% came from cars and other vehicles,
15% from electricity use, and 16% from waste and wastewater. The Cabrillo National Monument
Action Plan (NPS 2010) identified energy conservation, renewable energy, public transit, and

other actions to cut the emissions that cause climate change.

San Diego Metropolitan Transit System bus route 84 directly serves the Cabrillo National
Monument visitor center (https://www.sdmts.com/sites/all/themes/mts/templates/sdg/pdf/84.pdf).
Taking this bus to the park reduces a portion of the greenhouse gas emissions in the park by
taking a car off the road. The Intergovernmental Panel on Climate Change has recently confirmed
that concerted global action can reduce emissions enough to meet the Paris Agreement goal of
limiting future global temperature increase to 1.5 to 2°C (IPCC 2018). The difference between the

emissions reductions scenario (RCP2.6) and the highest emissions scenario (RCP8.5), as shown

Page 20



Anthropogenic Climate Change in Cabrillo National Monument Patrick Gonzalez

in Tables 3 and 4 and much of the research cited in this report, shows that cutting carbon
emissions from human activities can substantially reduce future heating and risks to the plants,

animals, and unique ecosystems of Cabrillo National Monument.
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Figure 1. Average annual temperature, 1895-2016, for the area within Cabrillo National

Monument boundaries (Gonzalez et al. 2018).
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Figure 2. Trend in annual average temperature, 1895-2016, at 800 m spatial resolution, from

linear regression, corrected for temporal autocorrelation (Gonzalez et al. 2018).
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Figure 4. Trend in total annual precipitation, 1895-2016, at 800 m spatial resolution, from linear

regression, corrected for temporal autocorrelation (Gonzalez et al. 2018).
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Figure 5. Sea level, 1906-2018, at the tidal gauge on the USS Midway pier in San Diego,
California, relative to mean sea level, 1983-2001, the National Tidal Datum Epoch of the
US National Ocean Service. The trend, calculated by linear regression corrected for temporal

autocorrelation, shows a statistically significant long-term increase.
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Figure 6. Projections of future climate for the area within park boundaries, relative to 1971-2000

average values (Gonzalez et al. 2018). Each small dot is the output of one of 121 general

circulation models. The large color dots are the average values for the four IPCC emissions

scenarios. The crosses are the standard deviations of the average values.
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Figure 7. Projected change in annual average temperature, 2000-2100, at 800 m spatial resolution,
for the highest emissions scenario (RCP8.5) for the average of 33 general circulation models
(IPCC 2013, Gonzalez et al. 2018).
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Figure 8. Projected change in total annual precipitation, 2000-2100, at 800 m spatial resolution,
for the highest emissions scenario (RCP8.5) for the average of 33 general circulation models
(IPCC 2013, Gonzalez et al. 2018).

Projected Change, Total Annual Precipitation, 2000-2100

Highest Emissions Scenario (RCP8.5)

Pacific
Ocean

r,

A

Cabirillo
National Monument

kilometers (3 miles)

ental Panel on Climate Change 2013
al. 2018 Environmental Research Letters

+14

% per century

Page 29



Anthropogenic Climate Change in Cabrillo National Monument

Patrick Gonzalez

Figure 9. Historical sea level rise, tidal range, and storm surge and projected sea level rise

under two emissions scenarios, at San Diego, California. The combination of past and projected

sea level rise, daily tidal range, and storm surge could raise sea level up to 3.5 m above

historical levels by 2100.
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Figure 10. Aerial image of Cabrillo National Monument, from <https://maps.nps.gov/sir>,

showing recent conditions.
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Figure 11. Projected sea level under the highest emissions scenario (RCP8.5) (Caffrey et al.
2018). Sea level is shown at the highest tide, known as Mean Higher High Water, the 1983-2001
average of the higher high water height of each tidal day. Image from <https:/maps.nps.gov/sir>
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Table 1. Historical average temperatures and trends for the area within the boundaries of
Cabirillo National Monument (Gonzalez et al. 2018). SD = standard deviation, SE = standard

error, sig. = statistical significance, * P <0.05, ** P<0.01, *** P <0.001.

1971-2000 1895-2010 1950-2010
mean SD trend SE sig. trend SE sig.
°C °C century-! °C century-!
Annual 175 0.7 1.8 04 i 1.8 1
December-February 14.3 1 2.1 0.4 e 1.7 0.9
March-May 16.3 1 1.8 04 i 2.5 1.1 *
June-August 20.3 0.9 1.1 0.4 > 1.8 1
September-November 189 0.9 2.1 0.4 i 1.2 09
January 14.2 1.1 27 05 i 3 1.1 >
February 14.6 1.2 2 04 i 2 1 *
March 15.1 1.1 1.7 04 i 3 1 >
April 16.2 1.2 1.9 05 i 2.2 1.4
May 17.5 1.2 16 04 i 25 0.9 >
June 18.9 1.1 09 04 * 2.5 1 *
July 20.6 1.1 1 0.4 > 1.4 1.1
August 21.6 1.1 14 04 > 1.5 1.1
September 21.1 1.3 22 05 i 14 1.2
October 19.2 1 24 05 i 1.1 1
November 16.4 1.2 1.7 04 i 1.2 0.8
December 142 1.1 1.7 0.5 > 0 0.9
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Table 2. Historical average precipitation totals and trends for the area within the boundaries
of Cabrillo National Monument (Gonzalez et al. 2018). No trends were statistically significant.

SD = standard deviation, SE = standard error.

1971-2000 1895-2010 1950-2010
mean SD trend SE trend SE
mm y-’ % century-! % century-!
Annual 260 104 -11 12 31 31
December-February 136 81 -15 15 64 39
March-May 75 51 -14 20 -26 54
June-August 4 9 27 53 -87 149
September-November 46 33 -4 19 -9 60
January 54 56 -26 30 -4 69
February 50 46 4 25 170 59 >
March 53 46 -5 28 -15 86
April 17 18 -5 33 -24 62
May 6 9 96 48 -115 107
June 2 4 24 51 28 125
July 1 1 85 83 351 214
August 2 8 13 126 -370 363
September 6 11 9 64 -62 152
October 15 16 -22 32 168 109
November 25 25 8 30 -100 86
December 30 25 -13 27 70 84
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Table 3. Projected temperature increases (°C), 2000 to 2050, for the area within the
boundaries of Cabrillo National Monument (Gonzalez et al. 2018), from the average of all
available general circulation model projections used for IPCC (2013). RCP = representative

concentration pathway, SD = standard deviation.

Emissions Scenarios

Reductions Low High Highest
RCP2.6 RCP4.5 RCP6.0 RCP8.5

mean SD mean SD mean SD mean SD

Annual 1.3 0.5 1.6 0.5 1.5 0.4 2.1 0.5
December-February 1.3 0.5 1.7 0.5 1.5 0.4 2.1 0.6
March-May 1.3 0.4 1.5 0.6 1.4 0.4 1.8 0.6
June-August 1.3 0.6 1.5 0.7 1.4 0.5 1.9 0.7
September-November 1.5 0.5 1.9 0.8 1.7 0.5 2.6 0.9
January 1.3 0.5 1.7 0.5 1.5 0.5 2.1 0.6
February 1.3 0.4 1.5 0.5 1.3 0.5 1.9 0.5
March 1.2 0.4 1.4 0.5 1.3 0.5 1.8 0.6
April 1.2 0.5 1.4 0.7 1.4 0.4 1.8 0.7
May 1.4 0.5 1.6 0.8 1.4 0.5 1.9 0.7
June 1.2 0.6 1.4 0.8 1.4 0.5 1.8 0.8
July 1.1 0.7 1.3 0.7 1.2 0.6 1.8 0.8
August 1.5 0.7 1.7 0.7 1.6 0.5 2.1 0.7
September 1.5 0.6 1.9 0.6 1.7 0.6 2.5 0.8
October 1.5 0.5 1.9 1 1.6 0.5 2.6 1
November 1.5 0.6 2 1.1 1.7 0.5 2.6 1.3
December 1.3 0.5 1.8 1 1.6 0.5 2.4 1.1
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Table 4. Projected temperature increases (°C), 2000 to 2100, for the area within the
boundaries of Cabrillo National Monument (Gonzalez et al. 2018), from the average of all
available general circulation model projections used for IPCC (2013). RCP = representative

concentration pathway, SD = standard deviation.

Emissions Scenarios

Reductions Low High Highest
RCP2.6 RCP4.5 RCP6.0 RCP8.5

mean SD mean SD mean SD mean SD

Annual 1.4 0.6 2.2 0.6 2.5 0.7 3.8 0.9
December-February 1.4 0.5 2.2 0.7 2.5 0.8 3.8 1
March-May 1.3 0.5 1.9 0.6 2.3 0.7 3.4 0.8
June-August 1.2 0.8 1.9 0.8 2.3 0.8 3.5 1
September-November 1.5 0.7 2.6 1 2.8 0.8 4.5 1.3
January 1.4 0.6 2.2 0.7 2.5 0.8 3.8 1
February 1.3 0.6 2 0.7 2.4 0.7 3.5 0.8
March 1.4 0.6 1.9 0.6 2.3 0.7 3.4 0.9
April 1.2 0.6 1.8 0.6 2.3 0.7 3.4 0.8
May 1.3 0.6 2 0.7 2.4 0.8 3.5 0.9
June 1.2 0.7 1.8 0.9 2.2 0.8 3.3 1
July 1.1 0.8 1.8 0.8 2.1 0.9 3.4 1
August 1.3 0.8 2.1 0.8 2.6 0.9 3.8 1.1
September 1.5 0.8 2.5 0.9 2.8 0.9 4.3 1.1
October 1.6 0.8 2.7 1.2 2.8 0.9 4.6 1.4
November 1.5 0.7 2.6 1.4 2.8 0.8 4.5 1.6
December 1.5 0.6 2.3 1.2 2.6 0.9 4.1 1.5
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Table 5. Projected precipitation changes (%), 2000 to 2050, for the area within the
boundaries of Cabrillo National Monument (Gonzalez et al. 2018), from the average of all
available general circulation model projections used for IPCC (2013). RCP = representative

concentration pathway, SD = standard deviation.

Emissions Scenarios

Reductions Low High Highest
RCP2.6 RCP4.5 RCP6.0 RCP8.5

mean SD mean SD mean SD mean SD

Annual 4 13 2 12 2 16 1 16
December-February 5 20 4 21 7 28 7 25
March-May -3 16 -4 21 -7 18 -10 28
June-August 17 40 27 35 13 40 28 54
September-November 7 25 2 29 5 23 -4 29
January 13 28 9 33 13 41 19 40
February 0 29 4 25 6 30 6 31
March -1 21 -4 24 -2 26 -7 28
April -2 27 -3 32 -14 22 -17 45
May -11 48 2 61 -6 46 -2 66
June 13 57 14 84 0 81 5 88
July 46 80 41 93 40 72 50 94
August 14 65 39 68 23 96 43 98
September 22 55 42 81 21 59 35 67
October 27 45 15 49 28 48 11 62
November -2 24 -11 41 -4 25 -18 31
December 5 24 -2 23 -1 25 -8 28
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Table 6. Projected precipitation changes (%), 2000 to 2100, for the area within the
boundaries of Cabrillo National Monument (Gonzalez et al. 2018), from the average of all
available general circulation model projections used for IPCC (2013). RCP = representative

concentration pathway, SD = standard deviation.

Emissions Scenarios

Reductions Low High Highest
RCP2.6 RCP4.5 RCP6.0 RCP8.5

mean SD mean SD mean SD mean SD
Annual 4 12 2 12 -3 16 0 19
December-February 3 18 7 19 3 29 9 32
March-May 3 19 -9 19 -14 17 -19 27
June-August 22 39 25 43 11 55 32 68
September-November 11 22 4 32 -6 23 -1 29
January 11 29 16 29 14 45 21 45
February -3 23 7 27 -3 30 9 37
March 2 26 -8 19 -7 22 -13 27
April 8 35 -9 33 -21 24 -27 36
May 9 54 -5 54 -24 49 -33 54
June 19 61 16 71 17 91 5 66
July 47 107 55 109 40 112 71 133
August 22 74 30 75 15 79 45 117
September 38 58 26 63 23 68 26 66
October 26 50 15 53 25 56 22 70
November 0 26 -3 38 -22 23 -14 34
December -2 18 -7 24 -3 23 -6 29
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